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Abstract. We present, how a systematic study of B → D`N (D → K`N) decays with ` = µ, τ, at Belle II (BESIII)
can provide unambiguous signature of a heavy neutrino N and/or constrain its mixing with active neutrinos ν`, which
is parameterized by |U`N |2. Our constraint on |UµN |2 that can be achieved from the full Belle II data is comparable
with what can be obtained from the much larger data set of the upgraded LHCb. Additionally, our method offers better
constraint on |UµN |2 for mass of sterile neutrino mN < 2 GeV. We can also probe the Dirac and Majorana nature of N by
observing the sequential decay of N, including suppression from observation of a displaced vertex as well as helicity
flip, for Majorana N.
Key words. sterile neutrino; Majorana neutrino; leptonic decays; semileptonic decays; displaced vertex
PACS. 14.60.St Non-standard-model neutrinos, right-handed neutrinos, etc. – 14.60.Pq Neutrino mass and mixing –
13.25.Hw Decays of bottom mesons – 13.25.Ft Decays of charmed mesons
1 Introduction
In many new physics theories, called see-saw mechanisms, there
are one or more heavier cousins of the active flavor neutrinos
ν` (` = e, µ, τ) which do not have any interaction with Stan-
dard Model (SM) particles except mixing with the active neu-
trinos. These heavy neutrinos are named as sterile neutrinos
which can be either Dirac or Majorana fermions. Among the
varieties of new physics scenarios where sterile neutrinos ap-
pear, the original seesaw mechanism [1] predicts their mass to
be much larger than 1 TeV. In other seesaw models heavy neu-
trinos can have mass in a very large range, from ∼ 0.1 TeV
to 1 TeV [2], or close to about 1 GeV [3], or even at keV
scale [4] or eV scale [5]. The mixing parameters, U`N , which
describe the strength of mixing between a sterile (heavy) neu-
trino N with the SM flavor (light) neutrinos ν` are constrained
by various experimental data depending on the mass of N (see
Refs. [6, 7] for further details and references).
The neutrinos are the only fermions which can be their own
anti-particles, i.e. behave as Majorana fermions. Ascertaining
their Dirac or Majorana nature is one of the most important is-
sues in neutrino physics. It is well known that Dirac neutrinos
can participate only in the lepton number conserving (LNC)
processes, while Majorana neutrinos can get involved in both
lepton number violating (LNV) and LNC processes. Therefore,
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to investigate the Majorana nature of neutrinos, many attempts
have been made at studying various LNV processes, including
neutrinoless double beta decay (0νββ) [8], specific LNV pro-
cesses at LHC [9–12], LNV τ lepton decays [13], and LNV
rare meson decays [14–20], e.g. rare LNV decays of K, D(s),
B(c) mesons have been studied extensively in literature. In par-
ticular, semileptonic decays such as B → D``pi and B → ``pi
were explored in Refs. [19,20] to not only distinguish between
Dirac and Majorana signatures, but also constrain |U`N |2, with-
out considering, in detail, the feasibility of observation of these
decays inside a sizable detector including the helicity flip for
Majorana case.
Our main significant result in this paper is the stringent con-
straint that can be put on |U`N |2, especially on |UµN |2, from
non-observation of the decays B → D`N, without consider-
ing the sequential decay of N. This simple strategy has, how-
ever, remained unexplored in the currently existing literature.
Instead of considering two-body leptonic decays B+ → `+N,
similar to existing studies on pi+ (or K+) → `+N which look
for mono-energetic `+ to constrain |U`N |2 [21], we have con-
sidered the three-body semileptonic decays B → D`N which
have bigger branching ratios in a larger mass range. The reach
of our study to constrain |UµN |2 and |UτN |2 is better by an order
of magnitude from existing experimental constraints in certain
mass ranges of interest. Interestingly, our constraint on |UµN |2
obtained by considering only ∼ 4.8× 108 events of fully recon-
structed B → DµN decays at Belle II [22] is comparable with
the constraint achievable from 4.8 × 1012 events of B→ Dµµpi
decays at upgraded LHCb [7]. Although the missing sterile
neutrino search gives the stringent constraint on |U`N |2, it can
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not distinguish Dirac and Majorana neutrinos. Therefore, we
also study the sequential decay of N with a displaced vertex
signature for probing its Majorana nature, and consider the im-
portant but otherwise overlooked effect of helicity flip for ster-
ile neutrinos. Despite the suppression coming from observa-
tion of displaced vertices as well as the helicity flip, we find
that heavier and less energetic neutrinos have a bigger chance
of decaying inside a detector with decay length 6 1 m, pro-
vided they exist. Finally, we present an estimate of |UµN |2 in the
case of observation of LNC B → Dµ+µ−pi+ decay in Belle II.
The LNV mode B→ Dµ+µ+pi− receives additional suppression
from helicity flip.
This paper is organized as follows. In Sec. 2 we provide
the logical basis for considering the decays B→ D`N or D →
K`N and the advantages they offer over choosing any other
processes. In Sec. 3 we show how well the mixing parame-
ters |UµN |2 and |UτN |2 can be probed by using these decays at
Belle II. We also provide a short discussion, via example, on
possible SM background processes and how they can be distin-
guished from the signal events. This is followed by a discus-
sion in Sec. 4 on how the Majorana nature of neutrino could be
probed, and whether it is possible to do such a study. Finally
we conclude in Sec. 5 highlighting the important features of
our paper.
2 Choosing appropriate production modes
We aim to find a process that would (1) unambiguously probe
the presence of sterile neutrino N, free from any other new
physics possibilities, and (2) constrain the mixing of N with ac-
tive neutrinos. In this regard, we find it helpful to keep in mind
the following four cardinal aspects of sterile neutrino. Any can-
didate for sterile neutrino would have (i) electric charge = 0,
(ii) spin = 1/2, (iii) mass  0, and (iv) possibly long life-time.
The fact that the sterile neutrino would most likely remain un-
detected at its point of production, is in fact the experimental
consequence of its possibly long life-time and electrically neu-
tral nature. This manifests as ‘missing momentum’ in any pro-
cess which would have sterile neutrino(s) in the final state, just
like the case with ordinary active neutrino(s) in any final state.
As examples of processes with ‘missing momentum’ we
can consider meson decays such as B→ D(∗)µX, D→ K(∗)µX,
B → KX etc., where X denotes missing (i.e. undetected) par-
ticle(s) other than active neutrinos. A simple analysis of spin
would suffice to illustrate the fact that for decays such as B →
D∗µX and D → K∗µX, the spin of X is ambiguous: it could
be 1/2 or 3/2. Similarly, in the decay B → KX, the ‘missing’ X
would indeed be made of (at least) two invisible particles and
their individual spins could be 0, 1/2 or 3/2. In order to avoid
such ambiguities, we shall refrain from considering these types
of decays in this paper. Thus we are left to consider decays of
the type B→ DµN and D→ KµN as decay modes suitable for
discovery of sterile neutrino N.
It should be noted that the literature dealing with sterile
heavy neutrino searches is replete with LNC and LNV pro-
cesses mediated by sterile neutrino N, such as B → D``pi,
B → ``pi, τ → pi`1`2ν etc. where `, `1,2 = e, µ. These pro-
cesses, can also take place via other new physics possibilities,
such as exotic scalars, vectors or lepto-quarks. Nevertheless,
the LNV processes mediated by N constitute the only known
reliable methodology to probe the conjectured Majorana nature
of N. Notwithstanding the importance, these neutrino medi-
ated decays are suppressed from associated displaced vertices,
branching ratio of sequential decay of N as well as helicity flip
of N (relevant in case of LNV modes only). Therefore, when
concerned with the discovery prospect of sterile neutrino, we
shall refrain from considering the sequential decay of N. Once
an unambiguous signature of existence of sterile neutrino N is
obtained, study of its Dirac or Majorana nature becomes highly
relevant, and in this context we would consider the feasibility
of the complete LNC and LNV modes which take into account
the sequential decay of N.
Let us now analyze the decays B → DµN (or D → KµN)
with N remaining undetected in the detector. We are interested
in the scenario where there is one light sterile neutrino with
mass mN 6 3.3 GeV. The criteria of massive sterile neutrino
helps us to eliminate background events to our processes. The
decay B → DµN, for example, can receive background from
the decay B → Dµνµνν or B → D∗(→ Dpisoft/γsoft)µν, where
the soft pion (pisoft) or soft photon (γsoft) arising from sequen-
tial decay of D∗ are not detected by the detector. However, the
invariant mass obtained from the missing 4-momenta of back-
ground process would vary significantly from one event to an-
other unlike the signal case which would be centered about the
fixed mass of N.
In order to obtain the ‘missing mass’ (mmiss) in the pro-
cesses, say B→ Dµ + ‘missing’ that includes the signal events
for B → DµN also, we need to know the 4-momenta of initial
B meson (pB), final D meson (pD) and µ (pµ):
mmiss ≡
√
p2miss =
√(
pB − pD − pµ
)2
. (1)
For signal events only mmiss = mN . This methodology is ap-
plicable in experiments such as Belle II or BESIII where B
and D mesons are pair produced along with B and D from the
decays Υ(4S ) → BB and ψ(3770) → DD respectively, and
the 4-momentum of B, D can be precisely measured by full
hadronic reconstruction. It should be, therefore, clear that our
methodology is not applicable for experiments such as LHCb
where the initial 4-momentum of the B or D meson can not
be inferred without measuring the 4-momenta of the final par-
ticles arising from the B or D meson decay. Furthermore, the
minimum value of mass mN , 0 that can be probed in our ap-
proach is, therefore, constrained only by the experimental ac-
curacy of measurement of 4-momenta of B, D and µ. In the
next section we would provide a numerical comparison of a
few observables (including mN), for the SM background decay
B → Dµνpisoft/γsoft and the signal decay B → DµN, specifi-
cally in context of Belle II. It is important to note that N may
or may not decay inside a detector, depending on its mass, en-
ergy and the size of the detector. If it decays inside the detector,
with noticeable displaced vertex, we can not only measure its
4-momentum directly from its decay products, but also probe
its Dirac or Majorana nature as well as veto any background
events for the decays under consideration.
Note that the decays B+ → τ+N and B → DτN, where the
4-momentum of the tau lepton is reconstructed from its further
sequential decay, are less promising for our study, due to the
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presence of at least one neutrino (or antineutrino) in the final
state of all tau decays. Nevertheless, taking into account that the
tau 4-momentum could be measured accurately with a smaller
probability, we shall constrain |UτN |2 from B→ DτN.
3 Determining or constraining the value of
|UµN |2 and |UτN |2
The branching ratios of all the decay modes under our consider-
ation are directly proportional to the appropriate active-sterile
mixing parameter |U`N |2. We obtain the canonical branching
ratio of a decay, e.g. B → D`N, by factoring out |U`N |2 from
the theoretically calculable branching ratio [19],
Br (B→ D`N) = Br (B→ D`N)|U`N |2 . (2)
Given the value of canonical branching ratio Br (B→ D`N),
the number of such decays observable in the detector (NB→D`N)
and the total number of fully reconstructed parent particles (NB),
we can estimate |U`N |2 by
|U`N |2 = NB→D`NNB × D × ` × Br (B→ D`N) , (3)
where D, ` denote the efficiency to reconstruct the D, ` in the
signal side. In our numerical study discussed below we have
assumed D = µ = 1, but τ = 0.001 (the reason of which is
given later).
For a numerical study we consider the decays B → DµN
and B → DτN in context of Belle II experiment, which is
poised to detect 1011 B decay events [22]. Out of these, about
0.61% of charged B events and 0.34% of neutral B events can
be fully reconstructed from hadronic tagging [22], so that only
about 4.8×108 events of B decays get fully reconstructed. Con-
sidering only these B decays, we are able to estimate the value
of |UµN |2, as shown in Fig. 1a, from possible observation of 50
events or less for B → DµN. It is easy to observe that in the
mass range ∼ 2 − 3 GeV our approach can provide stronger
constraint, by about one order of magnitude, than the existing
experimental upper-limit (exclusion region at ∼ 90% C.L. from
various experiments is shown by the shaded region in gray).
Fig. 1a also shows that our constraint is comparable with the
95% C.L. upper-limit on |UµN |2, shown as a thick solid line,
predicted in Ref. [7] based on 4.8 × 1012 B decay events at up-
graded LHCb (with the decay B → Dµµpi). For mN < 2 GeV
(important for light sterile neutrino searches) our constraint sig-
nificantly surpasses the above-mentioned constraint predicted
for LHCb upgrade. This is primarily due to the suppression
factors affecting the observation of B→ Dµµpi decays inside a
finite-sized detector for smaller values of mN (see the next sec-
tion and Figs. 4 and 6). It is worth mentioning that the method
proposed in this paper cannot be applied to LHCb, for it re-
quires full reconstruction of the rest of the event so that miss-
ing energy-momentum can be used to extract the information
about N.
Similarly, we can constrain |UτN |2 from number of observed
B → DτN decays if the 4-momentum of the final τ could be
measured accurately. In Fig. 1b, we show estimations of |UτN |2
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Fig. 1. Values of |UµN |2 and |UτN |2 estimated from observed number of
events (less than 50 events) of the decays B → DµN and B → DτN,
respectively, using the projected number of B decays at Belle II and
assuming 0.1% chance of full reconstruction of τ from its decays. The
B → D`N decays include both the charged and neutral modes. The
thick solid line corresponds to the predicted 95% C.L. upper-limit on
|UµN |2 [7], for 4.8 × 1012 B decay events at upgraded LHCb (with the
decay B→ Dµµpi).
as a function of mN , for different values of observed B→ DτN
decay events. Here we have assumed that the 4-momenta of
only 0.1% of all the τ decays could be precisely measured (e.g.
more than 3-prong decays of τ [24]). It is clear from Fig. 1b that
our constraint on |UτN |2 in the mass range [0.3, 1] GeV is more
stringent than the existing studies, by an order of magnitude in
some mN region. It should be noted that if we can further im-
prove the τ reconstruction efficiency, our current result would
further improve.
At this point, it is important to discuss how the signal events
can be experimentally distinguished from possible SM back-
ground events. To illustrate our approach, we shall consider the
signal processes B→ DµN for mN = (1.0, 2.0, 3.0) ± 0.1 GeV,
the SM allowed process B → Dµνµ, and the SM background
process B → Dµνµpisoft/γsoft, where we have taken pions with
energy < 0.2 GeV and photons with energy < 0.1 GeV in the
rest frame of the B-meson as soft pions and soft photons re-
spectively. If we consider the existing experimental limits on
|UµN |2, then for the cases of mN = 1.0, 2.0, 3.0 GeV we expect
to obtain about 1, 1, 6 signal events1, respectively, which are
1 Those numbers of signal events can be easily seen from Fig. 1a.
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Fig. 2. Distribution of events corresponding to SM process B → Dµνµ, SM background process B → Dµνµpisoft/γsoft, and the new physics
(NP) decays B → DµN for mN = (1.0, 2.0, 3.0) ± 0.1 GeV, with respect to a few observables. Note that the number of events for SM and SM
background processes are very large and, hence, those are shown with the vertical axis in log-scale, while the NP scenarios are shown in a
linear scale.
too few for any proper analysis. Besides, to keep our proposal
for the new experimental search devoid of any prejudice and
yet optimistic, let us fix the value of |UµN |2 at 10−5 for all val-
ues of mN under our consideration. This yields about 75, 25, 2
signal events for mN = 1.0, 2.0, 3.0 GeV cases, respectively2.
In Fig. 2 we compare the signal event distributions vs. the SM
events and SM background events, with respect to the energy
of muon (Eµ), the missing energy (Emiss, with Emiss = EN for
signal events), the missing mass (mmiss, with mmiss = mN for
signal events) and the invariant mass-square s = (pB − pD)2.
It is clear from Fig. 2 that the missing mass distribution is the
most useful one among all the observables, as the NP scenarios
with mN > 1 GeV are easily discernible. Nevertheless, com-
binations of all the observables could be used to look for the
2 See Fig. 2, and please note that we have considered for each mass
mN the number of events/0.1 GeV.
sterile neutrino signature. Since the SM and SM background
processes have much larger statistics and they are well under-
stood both theoretically and experimentally, one could, in prin-
ciple, implement multi-variate analysis or likelihood studies to
figure out NP cases for mN < 1 GeV.
We have demonstrated how the active-sterile mixing pa-
rameters can be probed without considering any sequential de-
cay of sterile neutrino, provided the 4-momenta of all the other
particles are well measured. However, as mentioned before and
as is well known, the Dirac and Majorana nature of the sterile
neutrino can be probed only when its sequential decay inside
detector is considered.
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Fig. 3. Meson-level Feynman diagrams contributing to the decays
B0 → D−µ+µ∓pi±. The sterile neutrino is produced at the first ver-
tex and decays at the second vertex, which is at an observable distance
away from the first vertex. The circular blobs connote the contribu-
tions from the corresponding hadronic form factors and decay con-
stants. The cross in the Majorana scenario denotes the helicity flip
involved in the decay.
4 Probing the Dirac and Majorana nature of
the neutrino N
If the sterile neutrino N decays inside a detector, we can probe
lepton number violation in the entire process (which includes
both the production of N and its sequential decay) to ascertain
its Majorana nature. As an example, let us consider the sequen-
tial decay, B0 → D−µ+µ∓pi± ≡
(
B0 → D−µ+N
)
⊗ (N → µ∓pi±).
The meson-level Feynman diagrams for these decays are shown
in Fig. 3. It is very clear that observation of the lepton number
violating mode B0 → D−µ+µ+pi− would imply that the sterile
neutrino has Majorana nature. While reconstructing the ster-
ile neutrino from the final states µ∓pi± in the detector, we must
also include an observable spatial separation between the point
of production and point of decay of the sterile neutrino. We can
also consider the decay N → τ∓pi± if allowed by kinematics.
Similar analysis as above can be done for D0 → K−µ+µ∓pi±
and related decays as well.
For a detector of finite size, say LD, the observation of dis-
placed vertex with decay length L necessarily demands that
L < LD, and this depends on the lifetime and energy of the
sterile neutrino.
The feasibility of studying the Dirac and Majorana signa-
tures of the sterile neutrino N (of mass mN , energy EN and total
decay rate ΓN) via B→ Dµµpi decays by using a detector of fi-
nite size LD depends on two important factors, (1) Pdecay(L),
the probability of decay of N within L < LD, and (2) Pflip, the
probability of helicity flip required for observation of the LNV
decays which characterize the Majorana neutrino, and these are
given by
Pdecay(mN , EN , L) = 1 − exp
(
−LmN ΓN/
√
E2N − m2N
)
, (4a)
Pflip(mN , EN) = m2N/
(
EN +
√
E2N − m2N
)2
. (4b)
We can quantify the feasibility of observing the full decay B→
Dµµpi at Belle II, by the following distribution of events with
respect to EN ,
dNLNC (mN , EN , L)
dEN
=
NB
ΓB
dΓ (B→ DµN)
dEN
× Br (N → µpi)
× Pdecay(mN , EN , L)
× D × µ,1 × µ,2 × pi, (5a)
dNLNV (mN , EN , L)
dEN
=
dNLNC (mN , EN , L)
dEN
× Pflip (mN , EN) ,
(5b)
where NLNC ,NLNV , respectively, denote the number of LNC
and LNV events, NB is the total number of B mesons pro-
duced/analyzed in the experiment, ΓB is the total decay rate
of the B meson, and D, µ,1, µ,2, pi are the various efficiency
factors corresponding to the reconstruction of final D meson,
µ from the first vertex, µ from the second vertex and the pi, re-
spectively. For our numerical study we have assumed all these
efficiency factors to be 1. It should be noted that inclusion
of Pflip(mN , EN) is an effective way of introducing the helic-
ity flip. The most accurate way is to consider the full decay
B → Dµµpi along with the propagator for the intermediate N
and that would automatically lead to mN dependence (similar to
the mass-dependence found in neutrinoless double-beta decay,
a classic example of a LNV process). By including helicity-flip
factor in dNLNV (mN , EN , L) /dEN it is clear that for mN → 0,
the difference between Dirac and Majorana cases vanish as per
the ‘practical Dirac-Majorana confusion theorem’.
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Fig. 4. Distribution of number of events of the lepton number con-
serving B → Dµ±µ∓pi decays. Here we have considered the displaced
vertices to lie within 1 m so that the events can be observed at Belle II.
In the numerical study shown in Fig. 4 we have studied
the energy distribution of the µpi system originating from the
decay of N. It is noticeable that for mN 6 2 GeV scenarios,
no B → Dµ±µ∓pi decays with characteristic displaced vertices
6 1 m are expected to be observable at Belle II (considering
the size of the central drift chamber [22]) if we consider the
existing constraints on |UµN |2 (see Refs. [6, 7] for details of
existing constraints). However, if we consider |UµN |2 = 10−5,
the smaller mass scenarios are also feasible. It must be noted
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Fig. 5. Distribution of events for various energies of the neutrino as measured in the B rest frame and considering the events with various
displaced vertices of lengths. Here the decays happen within the distance L and only those decays with L 6 1 m are currently feasible for
observation at Belle II. We have considered four benchmark cases corresponding to mN = 1, 1.5, 2, 2.5 GeV. The neutrino N is assumed to have
Dirac nature and the existing constraint on |UµN |2 is considered here. The black colored region corresponds to number of events 6 1.
that the number of events shown here are larger than the ones
shown in Fig. 2c simply because we have considered the full
sample of B mesons here whereas for Fig. 2c only the smaller
number of fully reconstructed B decays were considered. Fig. 4
shows that as the mass of neutrino gets smaller the mean dis-
tance of displaced vertices gets bigger which would put most
of the decays outside the Belle II detector, unless there is com-
pensation by a substantial increase in the value of |UµN |2 which
facilitates an appreciable number of events still happening in-
side the detector. This is also clearly discernible from Fig. 5
where we have varied the decay length L within which the ob-
served displaced vertices would lie. As per the existing con-
straint on |UµN |2 if we wish to observe B → Dµ∓µ±pi events in
a detector for mN 6 2 GeV, our existing detectors are clearly
not suitable. Nevertheless, our approach elaborated in previ-
ous sections might come handy in the search for discovery of
such sterile neutrino(s). It should be noted that the energy EN in
both Figs. 4 and 5 are measured in the rest frame of the parent
B meson. Fig. 5 also illustrates an interesting behavior that the
probability of decaying within a smaller decay length is larger
when the neutrino is less energetic or equivalently more non-
relativistic. Moreover, as we go to higher masses, the neutrino
decays faster with larger decay width and shorter life time.
Finally assuming that one can observe the full decays at
Belle II, we can estimate the value of the active-sterile mixing
parameter |UµN |2 as a function of observed number of events.
In Fig. 6 we have analyzed how the number of events varies
for different values of mN and |UµN |2. We have also consid-
ered the additional suppression from helicity flip factor Pflip
while considering the LNV mode. For the total decay rate of N
which enters Pdecay(L) we have used Eqs. (30–32) of Ref. [19]
and it depends on |UeN |2, |UµN |2 and |UτN |2. Since |UeN |2 is al-
ready constrained by 0νββ experiments to be much smaller than
|UµN |2 and |UτN |2 (see Ref. [6]), we can safely neglect its con-
tribution. It can be inferred from Fig. 6 that for |UµN |2 smaller
than the existing experimental upper limit, one can still aspire
to observe more than a handful of B→ Dµµpi decays at Belle II
with displaced vertex signatures.
5 Conclusion
In this paper we offer a new strategy that could lead to the dis-
covery of a heavy sterile neutrino N of mass mN 6 3.3 GeV and
having appreciable mixing with active neutrinos, at the Belle II
experiment. Consideration of the defining properties of a ster-
ile neutrino such as it being an electrically neutral, spin-1/2
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Fig. 6. Numerical study of feasibility of observing purely Dirac (LNC) signal B→ Dµ±µ∓pi and purely Majorana (LNV) signal B→ Dµ±µ±pi,
inside Belle II detector with decay lengths less than 1 m. Here we have neglected the contributions from both |UeN |2 and |UτN |2 when compared
with |UµN |2.
fermion with non-zero mass and possibly long lifetime, irre-
spective of its Dirac or Majorana nature, points out that decays
such as B→ D`N, with ` = µ, τ and without the sequential de-
cay of N, could play a crucial role in the discovery of N. Once
N is discovered, it is possible to probe the Majorana nature via
searching for the lepton number violating processes.
We have shown that at Belle II, with only about 4.8 × 108
events of fully reconstructed B → DµN decays, one can probe
the mixing parameter |UµN |2 to a precision which is compara-
ble with what LHCb can probe with about 4.8 × 1012 events
of B → D(∗)µµpi decays. Our approach exploits the fact that
at Belle II the 4-momentum of the parent B meson decaying
to DµN can be inferred from the 4-momentum of the accom-
panying B meson, a feat not feasible at LHCb. It is notewor-
thy that for mN > 1.0 GeV, it is easy to remove possible SM
background contamination. For mN < 1.0 GeV, a more refined
analysis of SM background would be helpful in extracting the
signal events.
It is certainly alluring to consider the full decay final states
of B → Dµµpi as they can be used to probe Dirac or Majorana
nature of N. However, these decays can have other new physics
contributions in addition to contribution from N. Considering
the contribution from N as the major one, such decays still suf-
fer suppression from displaced vertices that must lie within the
finite sized detectors, as well as from branching ratio of the se-
quential N decay and possible spin-flip associated with the Ma-
jorana signature. Thus, despite their undisputed strength, these
suppressed decays would be difficult to observe and discovery
of N might be missed if such decays are considered. For some
masses, especially the heavier mass of N, however, we can still
expect to observe a few such events even at Belle II, albeit the
lower number of B mesons produced as compared to LHCb.
In summary, in this paper we propose the most systematic
approach to probe a sterile neutrino N of mass mN 6 3.3 GeV,
by using the decays B → D`N (with ` = µ, τ) rather than the
suppressed B → `1`2pi, X`1`2pi decays (with `1,2 = e, µ and
X = pi,D) previously used at Belle and LHCb [25]. Our pro-
posal does not require the sequential decay of N. The constraint
on |UµN |2 thus achievable from Belle II is not only better than
the existing experimental constraints in certain mass range of
mN (viz. 0.4–1 GeV and 2–3 GeV), but also better than the con-
straint that is achievable at upgraded LHCb for mN < 2 GeV.
The minimum value of mN that can be probed is constrained
only by experimental accuracy of measurement of 4-momenta
of B, D and µ. The sequential decay of N, useful to distin-
guish its Dirac or Majorana nature by observing the LNC or
LNV modes respectively, is suppressed from observation of
displaced vertices (for both LNC and LNV cases) and helic-
ity flip (for LNV case only). Our numerical study shows if no
decays of N get observed within decay lengths 6 1 m, the ex-
isting experimental upper limit on |UµN |2 can be improved.
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